INTRODUCTION
Hartman ( 1959) and Fogg (1963) have pointed out the importance of quantitative and qualitative information about excretion of organic compounds by algae to the study of algal ecology and to the estimation of primary productivity in natural waters. Most of our knowledge about extracellular products of phytoplankton has been derived from work on freshwater species. However, evidence for the excretion of carbohydrates by several marine flagellates (Guillard and Wangersky 1958) , of an organic base by a marine dinoflagellate (Wangersky and Guillard 1960) , and of amino acids and peptides by marine blue-green algae ( Stewart 1963) has recently been published. The purpose of the work reported here was primarily to estimate the fraction of photoassimilated carbon excreted during log-phase growth by a number of species of each of the important classes of marine phytoplankton, and to obtain information about the nature of the excreted substances. Particular attention was devoted to the possible excretion of glycolic acid, since it is a major excretory product of Chlore& pyrenoidosu (Tolbert and Zill 1957; Nalewajko, Chowdhuri, and Fogg 1963) and of several species of Chlamydomonas (Allen 1956; Lewin 1957) . Nalewajko et al. ( 1963) obtained evidence that glycolic acid may decrease the lag period for growth of algal cultures started from small inocula.
Pritchard, Griffin, and Whittingham (1962) have shown that the excretion of glycolic acid by Chlorella pyrenoidosa is light-dependent. Fogg ( 1958) found considerable variations in relative amounts of excreted substances by freshwater phytoplankton with depth in the euphotic zone. 192 An investigation of possible effects of light intensity on excretion by cultures of marine algae was therefore included in the present work.
Data concerning the relative amounts of carbon excreted by photoassimilating marine phytoplankton are scarce and mainly indirect. Braarud and F@yn (1930) found extracellular organic compounds amounting to as much as 30% of the total organic matter synthesized by a marine Chlumydomonns. Ryther and Vaccaro (1954) found good agreement between the 14C method and oxygen methods for measuring the growth of Phaeodactylum and natural phytoplankton at moderate light intensities. This indicates that photoassimilated carbon was not excreted in large amounts. However, Antia et al. ( 1963) ) observing a phytoplankton bloom in a large plastic sphere, found discrepancies between the two methods equal to the excretion of 3540% of the organic matter of the algae during rapid growth.
My work deals mainly with studies of excretion by laboratory cultures of marine algae but also includes excretion experiments on dock water samples from Woods Hole at various times during the early winter and spring of 1963 and on samples from the Gulf of Maine during a phytoplankton bloom in April 1963.
I wish to express my appreciation to Dr. R. R. L. Guillard and Dr. J. H. Ryther for valuable advice.
METHODS

General
Excretion studies on unialgal cultures were performed with bacteria-free algae from Dr. R. R. L. Guillard's culture collection at the Woods Hole Oceanographic Institution.
The nutrient medium used (medium f ) has been described by Guillard and Ryther ( 1962) . Relatively short-term experiments with natural phytoplankton populations were carried out with nonenriched seawater. The algal cultures were kept in thermally controlled incubators with "cool white" fluorescent illumination, except for some in situ, or outdoor, experiments.
In one experiment, on the effect of light intensity on photosynthesis and glycolic acid excretion by Skeletonema costatum, tungsten light bulbs suitably screened and cooled by running tap water were used.
The algae were grown in 3.5ml glassstoppered bottles containing 5 ml of medium f and a small algal inoculum (O.l-0.5 ml), The initial cell concentrations and the cell generation times are given in the appropriate tables. Usually, 50 ,~c of NaHl"CO,? were added to the medium at the beginning of the experiment. Relatively long incubation periods corresponding to at least one cell generation were used to ensure even labeling of all the cell constituents. In this way, the excreted carbon would have approximately the same specific activity as the photoassimilated carbon. The algae did not take up more than one-third of the 14C supplied, corresponding to a maximum pH change of about 0.7 pH units. In most cases, only about 10% of the 14C was assimilated, corresponding to a change in pH of about 0.3 units. Cell counts were made at regular intervals with an improved Neubauer hemacytometer ( Brightline ) 8. In the case of unconcentrated natural phytoplankton samples, a O.l-ml Palmer Mahoney cell was used.
Distribution of radioactivity in algal cells and in excreted compounds
At the end of each experiment, duplicate O.l-ml aliquots of the cultures were diluted with 10 ml of membrane-filtered seawater and filtered with gentle suction ( < 5 cm Hg) through 0.45-p membrane filters. The filters were rinsed with filtered seawater and dried in a vacuum desiccator before counting the radioactivity to estimate the assimilated 14C. The remainder of the cultures were then filtered as described above; however, the filters were not washed or allowed to become dry. The filtered media were acidified with hydrochloric acid to approximately pH 2.8, and air was bubbled vigorously through them for about 5 min to remove all inorganic carbonate. Duplicate lOO-~1 aliquots of the media were plated on l-inch ( 2.54-cm ) aluminum planchets over a prescribed area of 2.82 cm" that had pre-viously been coated with an extremely fine layer of Tween-80. The planchets were dried under infrared light for approximately 8 min. In this way, a uniform layer consisting mainly of salt and small amounts of organic substances was made. The self-absorption of radioactivity was therefore due almost entirely to the salt. A self-absorption curve was obtained for various amounts of seawater plated with a constant amount of '"C-fructose of high specific activity.
A correction factor of 1.67 was obtained from this curve for 100-J of seawater plated as described above. This factor was used to convert all radioactivity counts to zero thickness values. The standard deviation of the mean of duplicate radioactivity determinations of labeled algal media was less than 4% for the level of activity usually encountered.
To investigate the possible loss of volatile substances when drying the plated medium at low "pH, about 20 samples of media from various algal cultures were neutralized before drying. The radioactivity counts for the neutralized samples were usually higher than those for acid-dried samples, but the former did not exceed the latter by more than 10%. When a known amount of labeled glycolic acid (Glycolic l-14C obtained from New England Nuclear Corporation) was added to 5 ml of seawater, which was treated as described above, the mean of four replicate acidified samples showed 95.2% recovery using the above self-absorption correction factor. The drying procedure without prior neutralization was therefore considered to yield reasonably accurate determinations of the radioactive substances excreted by the algae.
Determination of composition of the excreted su bstnnces
The Chromatographic and autoradiographic techniques used for separating excreted substances have been described by Hellebust and Bidwell ( 1963) . The solvent systems employed were:
Phenol : water (4 : 1, PW), n-butanol : acetic acid : water. Glycolic acid was determined by direct one-dimensional chromatography ( BAW ) of the medium by spotting l&40 pl of the medium on Whatman 3MM paper. Glycolic acid moved almost independently of the relatively large quantities of salt present. It was located on the chromatogram by autoradiography, and its activity was determined as described by Bidwell ( 1961) . Since glycolic acid is relatively volatile and therefore partially lost on chromatograms developed with acid solvents, it was necessary to chromatograph known amounts of labeled glycolic acid with each set of unknowns. The mean recovery of glycolic acid after one week's chromatography and radioautography on seven samples was 69.6 -L 12.6%. The standard deviation is high but was considered acceptable in view of the simplicity of the method.
In order to determine the composition of the excreted organic substances further, small aliquots ( l-2 ml) of the medium were separated into anion, cation, and neutral fractions using a Wood electrodialyzer and desalter (Wood 1956 (Wood , 1957 . The relative activity of these fractions was determined. Only the neutral fraction was routinely dried down and chromatographed, and a portion of it was hydrolyzed with 4-N HCl at 1OOC for 6 hr. The hydrolyzed fraction was then neutralized and chromatographed. The neutral and hydrolyzed neutral fractions were chromatographed by one-dimensional chromatography ( BAW) and by two-dimensional chromatography (one-dimension : PW, two-dimension : PEW).
In one set of chromatograms, the unknowns were co-chromatographed with known sugars and sugar derivatives ( sucrose, glucose, fructose, mannose, galactose, xylose, ribose, arabinose, fucose, rhamnose, mannitol, erythritol, glycerol, galacturonic acid, and glucosamine ) . In another set, they were chromatographed with 20 known amino acids. If an unknown, visible as a black spot on the autoradiogram, coincided exactly with a known sugar, sugar derivative, or amino acid in three dimensions, it was assumed to be identical with that substance.
When the identity of an unknown was uncertain, it was further co-chromatographed with known substances in other solvent systems. Since there were insufficient amounts of excreted substances present to characterize the unknowns by specific color reactions, the identification of unknowns was usually limited to co-chromatography, and it cannot be regarded as infallible, However, the probability of correct identification is high, because the unknown and the known substances must have the same distribution coefficient in three different solvent systems.
In most solvent systems, mannitol has RP values that are quite similar to those of the reducing monosaccharides mannose and glucose. The algal media suspected of containing mannitol from the evidence of paper Chromatographic separation with the three solvent systems ( BAW, PW, and PEW) used routinely for all the media, were further subjected to chromatography using two additional solvent systems (EPW and BEW ) . If th e unknown radioactive substance had identical RF values with the cochromatographed authentic mannitol in all five solvent systems, it was recorded as mannitol.
Several of the chrysophytes, namely, Isochrysis galbana, Mon'ochrysis Zutheri, and Olisthodiscus sp.; diatoms, namely, Cyclotella nana (3H) Thalassiosira fluviatilis, and Skeletonema costatum; and two chlorophytes, namely, Dunuliellu tewtiolecta and Chlorella sp., were extracted with 80% boiling aqueous ethyl alcohol, and the extracts were subjected to paper chromatography. The presence of a substance with identical RF values to mannitol was noted in all these algae, although it was present in very small quantities in the two diatoms. It was present in considerable amounts in the Olisthodiscus sp. The substance gave a negative test when sprayed with reagents that react with reducing sugars, such as ammoniacal silver nitrate ( Trevelyan, Proctor, and Harrison 1950) and naphthoresorcino1 ( Bryson and Mitchell 1951) ) and a positive test when sprayed with a glycol cleavage reagent ( Bean and Porter 1959) . The alcoholic extracts of Cyclotellu nana (3H), Skeletonema costatum, and Dunuliella tertiozecta were found to contain glycerol when investigated in a similar manner. The alcohol extract of the marine Chlorella sp. contained considerable amounts of the amino acid proline, but also glutamic acid, alanine, and smaller quantities of other amino acids. The presence of these compounds in algae that excreted the same compounds as determined by co-chromatography and autoradiography of the media was considered to support their identification using the latter procedure.
RESULTS
Algal excretion at various light intensities
The effect of light intensity on excretion was investigated using nine species of algae ( Table 1 ). The plants were kept for 4 days in continuous light at two different intensities (3,000 and 25,000 lux), which were considered to be, respectively, well below and above the light-saturating intensity for most of these species ( Ryther 1956) . All the algae were approximately in log-phase growth during the entire experiment. The amounts of carbon excreted by the nine species ranged from 1.5 to 24% of that assimilated through photosynthesis. No striking differences in amounts of excreted carbon can be observed at these two light intensities except for ExuvieZZa sp., which excreted about three times more of its assimilated carbon at 25,000 lux than at 3,000 lux. Six species out of nine excreted somewhat more organic carbon at the higher light intensity. Pritchard et al. (1962) have shown that the excretion of glycolic acid by Chlorella pyrenoidosa increases considerably at increased light intensity above light saturation. It was therefore thought that algae grown at very high light intensities would excrete measurable amounts of glycolic acid. Table 2 gives the excretion data for cultures of 12 species of algae that were incubated outdoors for 5 hr under full sunlight. No glycolic acid was detected in the medium from any of these algae at the end of the experiment. The excretion of organic carbon, however, was very high, 8.5-52% of the photoassimilated carbon, and probably indicates damage to the cells by intense sunlight, although the algae had previously been conditioned to artificial light of relatively high intensity (25,000 lux). Table 3 presents the excretion data for 22 species of marine algae grown at 3,000 and at 10,000 lux. Initial cell concentrations and cell generation times are also given. All species closely approximated logarithmic growth. The amounts of carbon excreted by the algae at the two light intensities were in most cases relatively close. Somewhat higher values were this time observed at the lower light intensity for most of the species. Glycolic acid was excreted in very low quantities by most of the algae. However, four species, Olisthodiscus sp., Chaetoceros pelagicus, Skeletonema costatum, and Clzlorococcum sp., excreted a considerable fraction in the form of glycolic acid; in the case of Skeletonema costatum, more than one-third of the total excreted organic carbon was glycolic acid.
Since Skeletonema costatum excretes relatively large quantities of glycolic acid, the effect of light intensity on glycolic acid excretion was investigated using this species. Two crrltures of Ske7etonema grown at different light intensities (25,000 lux and 3,000 lux) were used. The data obtained amounted to 6% of the carbon photoassimilated. Different cultures of Skeletonema are presented in Table 4 and Fig. 1 . The amount of glycolic acid excreted as a perwere used for the low and the high light intensity experiments; this explains the centage of that photoassimilated varied from 1.5 to 0.2 in the range of light intensidiscontinuity in the curves in Fig. 1 at ties from 15,000 lux to 650,000 lux. The 15,000 lux. Cultures adapted to low light intensities reached light saturation sooner amount excreted was considerably higher (4-6%) at the three lowest light intensities than those adapted to high light intensities, which was to be expected. There were no for cells adapted to both high and low light striking differences in glycolic acid excreintensities. Fig. 1 shows a striking increase in the relative amount of glycolic acid extion between the two cultures. Only 0.2-0.3% of the photoassimilated carbon was creted with decreasing light intensity below excreted as glycolic acid at 65,000 lux. The about 15,000 lux; at 1,800 lux glycolic acid amounts of glycolic acid found in the medium before and after 12 hr in the dark (Table 4) were quite similar, indicating that little or no glycolic acid was taken up by the algae during the dark period.
General composition of excreted material Table 5 shows the distribution of excreted carbon in the three electrodialysis fractions of the algal media from cultures grown at 3,000 lux. The amounts present in precipitated protein and in chloroform-soluble material are also given. The material coprecipitated with trichloroacetic acid was hydrolyzed and chromatographed in the case of the three samples with highest activity ( Olisthodiscus sp., Chaetoceros pelagicus, and Chaetoceros simplex), and practically all the activity was found in protein amino acids. Relatively small amounts of protein were liberated in most cases. The chloroform-soluble fractions were somewhat higher and more constant, the average value being about 5% of the total excreted. A surprisingly large fraction of the total excreted carbon was found in the anion fraction after electrodialysis. This indicates the presence of considerable amounts of carbon in organic acids or other organic anions of low molecular weight. An attempt was made to remove the hydrochloric acid from this fraction with infrared heat at reduced pressure and to chromatograph it with known organic acids. Some glycolic acid was found in most of the media, with possible traces of malic and citric acid in some. However, most of the unknowns did not correspond to any of the co-chromatographed organic acids (glycolic, glyoxylic, malic, oxalacetic, citric, and galacturonic acid), and it is possible that they were largely destroyed during the process of removing the large quantities of mineral acid. Only small fractions of excreted carbon were found in the cation fractions of the electrodialyzed media, and these were not investigated further.
In most cases, only about 90% or less of the total excreted radioactive carbon was re- covered in the three fractions after electrodialysis, even when care was taken to stop the process before completion. If the electrodialysis process was allowed to proceed for several minutes after the removal of 99% of the initial salt concentration, considerably lower recovery was obtained. This is probably due to destruction of some organic compounds (Jeffrey and Hood 1958) .
The results of chromatographing the neutral fraction of the electrodialyzed algal media are presented in Table 6 . The amounts remaining at the origin were estimated by visible observation of the blackening of the autoradiographs.
These are probably substances of high molecular weight, such as polypeptides and carbohydrates. Additional compounds liberated upon hydrolysis of the neutral fraction are given in the last column. It can be seen that most of the substances excreted are of low molecular weight, such as amino acids, sugar alcohols, and unknowns that do not remain at the origin after chromatography. RF values of the main unknowns for three different solvent systems are presented in Table 7 . Some of these unknowns are rather closely connected with specific classes of algae. For example U1, which has very similar RF values to erythritol in the three solvent systems, occurs in considerable amounts in the media from the Chrysophyceae, Desmokontae, and Dinokontae. U2 was present in most of the media except for those from the Chrysophyceae.
U3 was found only in the Bacillariophyceae. Some of the algae investigated excreted mainly a single substance. Cricosphaera cnrterae, Isochrysis gnlbana, and Monochrysis lutheri excreted mainly the unknown U1. Olisthodiscus sp. excreted almost exclusively the sugar-alcohol mannitol, and Dunaliella tertiolecta mainly the sugar-alcohol glycerol. The marine Chlorella sp. excreted most of its carbon in the form of the amino acid proline. The two clones of CycZoteEZa nana, which had been isolated by R. R. L. Guillard from very different locations (13-1 from the Sargasso Sea and 3H from an estuary), showed distinct differences in the types of compounds they excreted. This agrees well with other physiological differences observed by Guillard and Ryther ( 1962) for these two morphologically similar clones. The total activity present as amino acids in the hydrolyzed neutral fractions of the media was considerably in excess of that recovered in proteins precipitated by trichloroacetic acid (Table 5) . It was therefore concluded that significant amounts of polypeptides (nonprecipitable with 6% trichloroacetic acid) must have been excreted by some of the algae.
Amphidinium carteri excreted largely one unknown compound, which was observed by direct chromatography.
This compound had a slightly lower RP value than glycolic acid. It was unstable and disappeared completely upon electrodialysis of the medium and was not recovered in the anion or cation fractions. It is possible that this substance is related to the unstable substance that has earlier been reported to be excreted by Amphidinium carteri ( Wangersky and Guillard 1960) .
Relatively dense cultures of algae were grown with no supply of radioactive carbon. They were then filtered to remove the medium and their alcohol-soluble compounds extracted with boiling 70% ethyl alcohol. The marine Chlorella sp. contained a large amount of proline, as well as considerable quantities of glutamic and aspartic acids and other compounds; Olisthodiscus sp. contained mainly mannitol, and Dunalie&z tertiolecta contained considerab3e amounts of free glycerol. These results are in agreement with the main excretory products of these three species. However, metabolized more rapidly than it is formed. only traces of glycolic acid were found in The commonly excreted unknowns, U1 and Skeletonema costatum, Olisthodliscw sp., UZ, were also present in some of the species and others (these algae had been labeled but did not react with ninhydrin or alkaline with 14C), indicating that glycolic acid is silver nitrate. Several other unknown sub- stances that occurred in very small quantities in the algal media have not been recorded in Table 7 .
Excretion by natural phytoplankton
Data from a series of excretion experiments using natural phytoplankton samples from the dock water at Woods Hole and from the Gulf of Maine (Atlantis II, Cruise 2, 8-18 April) are presented in Table 8 . The time of sampling, composition of phytoplankton when known, and conditions of the experiments are recorded. In spite of the considerable variations in experimental conditions, especially in the length of incubation period, the results are relatively consistent. Excretion for apparently healthy phytoplankton samples ranged from 4.5 to 16% of the total photoassimilated carbon. One sample taken at the end of a diatom bloom, on 6 May, when a large number of frustules were present, excreted from 17 to 38% of the photoassimilated carbon (Table  8A ) . The presence of glycolic acid in this sample was detected by chromatography. Relatively small amounts of cellular carbon were excreted by the algae during dark periods ( Table 8B , footnote).
DISCUSSION
These studies reveal considerable differences among species with regard to both relative amounts and composition of the excreted photoassimilated carbon material.
Two diatoms, Chaetoceros pelagicus and Chaetoceros simplex, and one green alga, Chlorococcum sp., excreted approximately one-fifth of their photoassimilated carbon, although they were growing logarithmically. Coccolithus huxleyi, Exuviella sp., Chlorella sp., and Tetraselmis sp., on the other hand, excreted 3% or less, whereas apparently healthy natural phytoplankton samples excreted 4516% of their photoassimilated carbon. These values are considerably lower than the one reported by Antia et al. (1963) from indirect measurements on rapidly growing plants. Possibly the predominant phytoplankton species in their plastic sphere had inherently high excretion rates even under good growth conditions. Skeletonema costatum had quite constant excretion rates for a wide range of light intensities, ( 14,00&65,000 lux). However, a considerable increase was observed at lower light intensities. This agrees with Fogg's data for natural phytoplankton samples from some Swedish lakes (Fogg 1958 ). This simple relationship does not hold for all the algae studied here. Most of these showed only relatively small differences for moderate changes in light intensity (3,060-25,000 lux ) . The very high excretion values observed when several algae were exposed to full sunlight were probably due to serious photodamage to the cells. The relative amount of carbon excretion obviously depends on the general condition of the cell. Guillard and Wangersky ( 1958) reported that large amounts of carbohydrate were excreted by cells after log-phase growth had ceased. I have also measured excretions amounting to more than 50% of the photoassimilated carbon by cultures of Thalassiosira nordenskiiildii, Olisthodiscus sp., Gymnodinium nelsoni, and Peridinium trochoideum that remained in a stationary growth phase (unpublished data). These algae assimilated carbon at a relatively rapid rate and increased slowly in size but did not divide. It is therefore possible that marine phytoplankton that for some reason have stopped dividing, either because of limiting nutrients, growth factors, or the presence of inhibitors, may continue to photoassimliate carbon at a relatively high was less than 20% of the photoassimilated carbon during the first 6-hr period ( 7 AM-~ PM).
rate and simultaneously excrete most of their assimilated carbon. It would be of interest to investigate the effect of limiting nutrients and growth factors on the quantity and quality of excreted substances. Algae whose growth is limited by an inadequate supply of nitrogen probably would not excrete the relatively large quantities of nitrogen-containing compounds that some of the algae studied here did when the nitrogen source was plentiful.
Glycolic acid was found to be a significant component of the total excreted carbon for only four algae of the 22 investigated. Furthermore, only in the case of Skeletonema costatum did glycolic acid constitute nearly 50% of the total excreted organic carbon. These observations do not agree with the suggestion by Fogg and Nalewajko ( 1963) that glycolate may be the principal extracellular product of natural phytoplankton. However, it is likely that considerable amounts of glycolic acid could be liberated by some species under certain conditions, for example, by Skeletonema costatum where light is a limiting factor. The observation presented earlier that glycolic acid excretion by Skeletonema costatum increases with decreased light intensity below light saturation agrees with the findings of Nalewajko et al. (1963) for a planktonic form of Chlorella pyrenoidosa. However, the observed decrease in relative glycolic acid excretion by Skeletonema costatum at very high light intensities is in sharp contrast to the continuing increase of excretion by Chlorella pyrenoidosa at light intensities above saturation that has been reported by Pritchard et al. (1962) . Tolbert (1958) suggested that the precursor of glycolic acid is the C02-acceptor in photosynthesis, ribulose diphosphate. At limiting COa concen- tration, an excess of the acceptor would be These findings also speak against the hyexpected, and this might split to yield a pothesis by Tolbert and Zill (1957) that two-carbon fragment that eventually would glycolate is in equilibrium with bicarbonate be converted to glycolic acid. Pritchard et in the cell and moves across the cell memal. ( 1962) also found that glycolic acid was brane to counter the ionic effects of the major product of photosynthesis only bicarbonate absorption. If this were true, when the CO2 concentration limited the one would expect that glycolic acid excrerate of photosynthesis. However, this limition would bear a constant relationship to tation does not hold for the SkeZetonlema the rate of photosynthesis.
This was not experiments, since there is no reason to the case with Skeletonema costatum. Furassume that the supply of inorganic carbon, thermore, I was not able to demonstrate any in this case probably HC03-, was any more significant uptake of glycolic acid by limiting at low light intensities, when the Skeletonema costatum in light or in dark. cells excreted large amounts of glycolic However, another species, C yclotellu nana acid, than at high light intensities, when the ( 3H ), took up considerable amounts of cells excreted almost no glycolic acid. glycolic acid which was supplied in the medium. This alga excretes only negligible quantities of glycolic acid. Fogg and Nalewajko ( 1963) claimed that dissolved glycolic acid may represent a considerable reservoir of potential chemical energy that is maintained by excretion when conditions are favorable for photosynthesis. This glycolate source may then supply energy for heterotrophic growth by algae under conditions where photosynthesis is not possible. Koyama ( 1962) found concentrations of glycolic acid of the order of 1 mg/liter in inshore and offshore surface water from the northeastern Pacific Ocean, However, he also states that the greater part of this acid is derived from the breakdown of organic compounds of large molecular weight during the extraction process. Fogg and Nalewajko (1963) found similar concentrations in water from the Firth of Clyde. They did not report any details of the method. On the other hand, Antia et al. (1963) could only detect a maximum possible glycolic acid concentration of 100 mg C/m3 ( 0.3 mg glycolic acid/liter ) in coastal Pacific waters. I have not been able to obtain values above 0.4 mg glycolic acid/ liter, which is the lower limit of detection by the Calkins method ( Calkins 1943 ) on concentrated surface water samples. The fact that most of the marine phytoplankton investigated here excreted only negligible quantities of glycolic acid makes the formation of a large glycolic acid reservoir in the sea seem unlikely. Very small amounts of sugars appeared as excretory products of the algae. This is rather surprising in view of Lewin's demonstration of extensive polysaccharide excretion by a large number of green freshwater or soil algae (Lewin 1956) . The possibility that polysaccharides were excreted cannot be ruled out, since the relatively drastic conditions of hydrolysis that were used to ensure hydrolysis of proteins or peptides would probably have destroyed ketoses, pentoses, and possibly some aldohexoses. However, the relative amounts of polysaccharides excreted must have been low for most of the algae. This agrees with earlier observations (Wangersky and Guillard 1960) that only small amounts of carbohydrates are excreted by marine flagellates during log-phase growth. Considerable amounts of the sugar alcohols, glycerol and mannitol, were excreted by many chlorophytes and chrysophytes. Glycerol was commonly excreted by the diatoms, and in some cases these algae excreted small amounts of mannitol.
These compounds were also detected in relatively high concentrations in the alcohol-soluble fraction of the algae. They may be of significance in heterotrophic growth by bacteria and algae, since Pinter and Provasoli ( 1963) show that glycerol stimulates the growth of some marine chrysomonads.
A large number of unknown substances occurring in very small quantities were observed by chromatography but are not recorded here. It may well be that some of these compounds are growth factors or inhibitors and as such may be of greater importance to algal growth and succession than some of the major excretory products. However, the identification and significance of such compounds must be determined using bioassay techniques such as those described by Bentley ( 1960) .
